An ethnobotanical survey was carried out in the Knin area (northern Dalmatia, Croatia) with the aim of recording traditional plant use by the local (native) people and contributing to the knowledge of plant biodiversity in the investigated area. Ethnobotanical data were collected by interviewing 40 local people at 17 locations. Data on 123 plant taxa (on average 21 taxa per interview) and 122 unique medicinal and 18 food uses in the local community were recorded. Prevalent medicinal uses of the recorded taxa were the treatment of digestive, respiratory, cardiovascular disorders, and injuries. The most commonly used plant parts gathered were leaves (35%) and flowers (20%). The most commonly collected plants in the investigated area were: Urtica dioica, Thymus longicaulis, Sambucus nigra, and Hypericum perforatum.
Introduction
Although the term "ethnobotany" was coined in 1895 by Harshberger, knowledge of the use of wild plants found in our environment as food or medicine has existed for thousands of years. Some of the oldest records of wild plant use date back to ancient civilizations such as the Greek, Egyptian, and Chinese [1] . In modern times, with advances in agriculture, chemistry, and pharmacology, synthetic drugs have prevailed as the main approach to treat diseases, and the gathering of wild edible plants has been delegated to second place, after growing crops [2] . Still, the tradition of wild plant use is present to this day in small rural communities throughout the world as a part of their cultural heritage. Over the last few decades, there has been a concerted effort to preserve the last scraps of plant use traditions in Europe, especially in Mediterranean countries like Spain [3, 4] and Italy [5, 6] but also in the Balkan region [7, 8] , where old archived data on plant use are scarce [9] . Due to its natural geographic, climatic, and soil conditions, Croatia exhibits richness in plant diversity. With approximately 5,000 species and subspecies of vascular flora belonging to 1,090 genera and 189 families recorded so far, Croatia has one of the richest vascular floras in Europe [10] . Due to this great plant biodiversity and the need for its conservation, most botanical studies conducted in Croatia are focused on exploring floristic composition, vegetation, and threatened and endemic species [11] . To this day, only a few ethnobotanical surveys have been carried out, and most of them focused on exploring the coastal or pericoastal areas of the country [12] [13] [14] . To our knowledge, the area of Knin, located further from the sea and at a higher elevation, has never been the subject of any ethnobotanical research. The areas of Croatia further from the coast are a completely blank spot on the ethnobotanical map of Europe. The Knin area was damaged in the Homeland War (1991) (1992) (1993) (1994) (1995) , and population stagnation has been recorded since. The local population declined from 23,025 inhabitants before the war (1991 census) to 15, 190 inhabitants after the war (2001 census) and to 15,407 most recently (2011 census) [15, 16] . This presents a certain risk of loss of valuable traditional knowledge, usually passed on from one generation to another, especially in small, closed communities. Before the Homeland War, the area had a thriving rural culture and people who were shepherds and farmers had very close connections to the mountain ecosystem they lived in. The aim of this study was to document medicinal and food wild plant uses in the city of Knin and its surrounding area as well as to contribute to the knowledge of plant biodiversity in the area.
Material and methods

Study area
The study area is located in northern Dalmatia, on the slopes of Spas hill, in Šibenik-Knin County, covering 257 km 2 . The research was conducted at 17 locations ( 1 Location of the study area. Numbers represent studied locations: 1 -Knin; 2 -Oćestovo; 3 -Golubić; 4 -Kijevo; 5 -Polača; 6 -Potkonje; 7 -Žagrović; 8 -Vrpolje; 9 -Ramljane; 10 -Pađene; 11 -Riđane; 12 -Zvjerinac; 13 -Uzdolje; 14 -Biskupija; 15 -Kovačić; 16 -Vrbnik; 17 -Plavno.
Data collection
Interviews were conducted from April 2016 to June 2017. The first author is originally from the investigated area and helped with the selection of the interviewees. Informants were also encountered in front of their houses or chosen using the snow-ball method [20] . Only native inhabitants or those who had lived there most of their lives were interviewed. This study was carried out following the guidelines of the International Society of Ethnobiology Code of Ethics [21] and the American Anthropological Association Code of Ethics [22] . All interviews were conducted in the Croatian language. The interviews were semistructured, allowing the interviewers to gather as much data as possible on plant use from the participants [23] .
In total, 40 interviews were conducted with 49 people (eight men and 41 women, 31 with single respondents and nine with two people). The age of the interviewees ranged from 21 to 88 (average age = 68, median = 71). They were questioned about their age and place of residence. Questions addressed to the informants were focused on determining the plants used for medicinal and nutritive purposes, plant parts used, specific ailments that the plants were used for, and manner of preparation. Participants also showed us the plants they collected, either already collected or in their natural habitat by joining us on a walk through the area when it was possible (Fig. 2) . When describing the plants, participants used vernacular names; therefore, plant identification was conducted on site. If that was not possible, specimens were collected, and the species were determined in the lab using standard identification keys and iconographies [24] [25] [26] [27] . Plant names used follow The Plant List [28] and Flora d'Italia [26] . The material collected is stored in the Herbarium Croaticum (ZA) at the University of Zagreb, Faculty of Science. Regarding the use of medicinal plants, we recorded both wild and cultivated plants. For food use, we recorded only wild plants, but some taxa occurred both in the wild and domesticated state, therefore, we included them when we observed wild or feral populations of these species in the study area.
Data analysis
The data obtained were analyzed to determine the number of useful plant taxa mentioned, number of plant families, species that were attributed with most uses, number of different uses, most reported medicinal uses, and plant parts most frequently used. The following indices were also calculated: (i) pharmacological ethnobotanical index, a modified ethnobotanical index [29] representing the ratio between useful medicinal plants and total flora of the area [10] ; (ii) ethnobotanical richness, expressed as the number of utilized species per square kilometer [30] ; (iii) relative frequency of citation, the number of informants mentioning a species divided by the number of participants in the research [31] ; (iv) fidelity level, number of participants claiming the use of certain species for a particular medicinal purpose divided by the total number of participants citing the species (calculated for a species mentioned three or more times) [32] . Plant species used as food were compared to recent ethnobotanical studies conducted at sites with the nearest proximity to the study area.
Results
During this research, we collected data on 123 plant taxa (four genera, 118 species, and one subspecies) belonging to 46 plant families, used by local residents (Tab. 1). Participants used 41 plant taxa exclusively for treating a variety of ailments, 43 exclusively as food, and 42 for both medicinal and nutritive purposes. On average 20.6 species (median = 18.5) per interview were recorded (minimum seven, maximum 56). On average, 7.6 medicinal plants and 15.8 food plants per interview were listed. In total, the following plant families were best represented: Asteraceae (17 species cited 128 times), Lamiaceae (13 taxa cited 139 times), and Rosaceae (18 taxa cited 117 times). We recorded some families that were represented by only one or two species, but those species were highly cited by local residents such as the families Clusiaceae (Hypericum perforatum cited 29 times), Caprifoliaceae (Sambucus nigra cited 29 times), and Cornaceae (Cornus mas cited 26 times). The most cited species (highest relative frequency of citation) were Urtica dioica (0.85), Thymus longicaulis (0.78), S. nigra (0.73), and H. perforatum (0.73).
The participants used 269 vernacular names describing 123 useful plant taxa. We recorded 13 cases of homonymy (the same local name for different species), mostly for closely related species (e.g., "bokvica" for Plantago lanceolata and P. major, "murva" for Morus alba and M. nigra, and "kopriva" for U. dioica and U. urens). For some taxa, a great diversity of local names (synonymy) was recorded, e.g., Melissa officinalis was described by nine distinct local names.
The main plant parts used were leaves (34.9% of total mentioned plant parts) and flowers (20.1% of total plant parts mentioned). Plant parts such as fruits and leaves were used to a greater extent as food, whereas flowers and roots were used more often for medicinal purposes (Fig. 3) .
The most common use of plant species for food was in the form of infusions (35%), boiled wild vegetable mix (28%), and syrup (12.1%) (Fig. 4) . In the Knin area, 79 plant species were used as food, whereas, on the sites Vrana and Poljica, the number was lower [33, 34] . Overlap between these areas is illustrated using a Venn diagram (Fig. 5) .
We recorded 122 uses categorized based on Cook's classification [35] . Most reported medicinal uses were for treating digestive (59), respiratory (45) , cardiovascular disorders (43) , and injuries (43) . The greatest variety of species was used for treating digestive (24) , respiratory (22), and cardiovascular (19) * Voucher specimens numbers are in brackets next to species name. RFC -relative frequency of citation; N -total number of participants; ap -aerial part; b -bulb; bk -bark; f -fruit; fh -fruit husk; fl -flower; l -leaf; ns -nut shell; p -petiole; r -root; s -seed; sh -shoot; sl -silk; sp -sap; t -tuber; wh -whole plant; yf -young fruit. Achillea cf. pratensis and P. major were the most diversely used plant species (six different medicinal category uses recorded and used as food) followed by H. perforatum, P. lanceolata, Salvia officinalis, Sempervivum tectorum, Taraxacum spp., and U. dioica (five different medicinal category uses and used as food). Fidelity level for medicinal plant species mentioned by three or more participants varied from 20% to 100% (Tab. 3). We found that the fidelity level was the highest for Rumex pulcher and Cydonia oblonga (100% for treating diarrhea), Helichrysum italicum (100% for face treatment), and Chelidonium majus (100% for treating warts).
Pharmacological ethnobotanical index was 0.41, which indicated that more than every third plant species growing in the investigated area was used to treat medical conditions. The value of ethnobotanical richness index was 0.46. Tab. 2 Medicinal categories with corresponding unique uses, species used, number of informants using plants for treating the category, and total number of use reports.
Discussion
The observed degree of overlap between food and medicinal plants is very typical in other areas of Europe [36] [37] [38] [39] [40] [41] . Particularly similar are the results from a study in Istria (also in pericoastal but inland Croatia) [36] , where, out of 121 species, 31 species are used exclusively in a food context, 50 species are used exclusively as medicine, and 40 species overlap (i.e., 33%). This is nearly identical to our study, where, out of 123 plant taxa, 41 are used exclusively for treating a variety of ailments, 43 exclusively as food, and 42 as both food and medicine (i.e., 34%).
Tab. 3 Prioritized species for treating particular health problems based on the fidelity level index. Dominant families (34% of total species recorded) found in this study were also dominant in other ethnobotanical research conducted in the Mediterranean area [4, 42] . This is not surprising, due to the fact that these families are typical for the Mediterranean region and are also most prevalent in Croatian flora [10] . It has been well documented that the more common the plant family is in the area, the higher is the probability of its popular use [43] .
Medical condition
The occurrence of homonyms of vernacular plant names is very common between the regions in Croatia, but here we encountered 13 homonyms in a relatively small area. While this is understandable for two species of the genus Plantago and two species of the genus Morus, in other cases it was confusing, e.g., the local names "čelinka" and "pčelinka" used for Lamium maculatum and M. officinalis, as well as "borić" used for Pinus nigra and Equisetum arvense. The name "glog" is used for both Crataegus monogyna and Prunus spinosa, and has already been recorded in other parts of Dalmatia [14] . The most confusing was the vernacular name "bljušt", a Croatian common name for Dioscorea communis, used for Portulaca oleracea in this area. However, there is a record of naming P. oleracea "blušć" in Nin [44] .
We compared our data on the food use of wild plants to those of the two closest sites of ethnobotanical research in Croatia, Poljica and Vrana [33, 34] . Poljica and Vrana are coastal areas, whereas Knin is located more inland and under great influence from the continental-mountain climate with its zonal vegetation. Based on ethnobotanical information, Vrana is more isolated than the other two sites, even though Vrana and Knin are geographically closer to each other, and Vrana has similar edaphic and climate conditions to Poljica. There was a long list of species used at all three study sites. dioica. There are some qualitative differences between wild vegetables used in coastal Vrana and Poljica and our study area, which arise from the fact that the Knin area is a place that has lower temperatures and less humidity stress. That is why species such as L. maculatum or Salvia pratensis occur and are gathered here. The use of the young leaves of S. pratensis in a boiled vegetable mix has been recorded for the first time in the literature, to our knowledge, whereas the use of the young leaves of Cirsium arvense (in a boiled vegetable mix) as food has been recorded for the first time in Croatia. The only place where it is still used in western Eurasia is Georgia in the Caucasus [45] . Another interesting species never previously recorded in the culinary context in the world literature is Ranunculus sardous. Nowadays, Ranunculus species are rarely used as food [12, 40] as they are toxic in their raw form and need to be boiled for a long time, and they are usually markers of strong, old traditions of wild vegetable use.
Recently, Pieroni et al [46] hypothesized that the culinary uses of many edible weed species originated in the Near East during the post-Neolithic period before populations migrated west to Italy and the Mediterranean Basin via Greece and Greek diasporas. This is not unlikely, and our study area was also heavily influenced by Roman and Greek culture, which might have been responsible for the high cultural value of wild vegetables (called by Łuczaj [47] herbophilia) both in inland and coastal Dalmatia, in contrast to the parts of Croatia further north. However, the herbophilia of Dalmatians might date back to the times when the region was inhabited by Illyrians, who were also Indo-European farmers, like the Romans and Greeks.
The most interesting medicinal use is the application of emerged leaves of A. millefolium (mentioned as "tintorova trava") for treating headaches by initiating nose bleeding. Even though in this research there are only two citations of A. millefolium for this use, a larger number of native inhabitants confirmed this, now abandoned, tradition. Dominant medicinal use categories suggest recurring or chronic conditions that bother the local community, with gastrointestinal diseases being prevalent, as noted in other research [4, 48] . Other studies also report similar results regarding the plant parts most commonly used [14, 49] . Aerial parts (leaves and flowers) are the most abundant, easiest to collect and preserve, and, as related by some of the participants, are used to distinguish particular species from other similar species growing in the area. Aerial parts and flowers also have large quantities of secondary metabolites, making them the best choice for medicinal use [49] .
Use of quantitative analyses in ethnobotanical studies is a tool for obtaining data comparable to other studies as well as deriving reasonable conclusions based on the data collected. The high ethnobotanical richness and pharmacological ethnobotanical index support the assumption that there is a strong bond between the local community and the plants growing in the Knin area. However, the pharmacological ethnobotanical index should be considered with some reservations due to the fact that there is still no complete floristic list available for this area. Instead, a list for calculating this index was built based on data found in the Flora Croatica Database [10] . In addition, only 57% of the taxa were mentioned by the participants more than twice and could be considered reliable, whereas 32% of the taxa were mentioned only once, but we listed them as the information was collected by in-depth interviews with knowledgeable informants. In contrast, the high rate of one-informant data may be an indicator of the gradual loss of ethnobotanical knowledge due to urban lifestyles, higher standards of living, and the availability of conventional medicine and cultivated plants. Species cited once could also be questionable citations as a result of participants confusing the mentioned species with another and should be verified in the future, if pharmacological interest in a particular species arises. Unfortunately, to our knowledge, there are no other knowledgeable informants left in the area. Low values of fidelity level index indicate that participants use plants for different purposes, as evidenced in the case of Taraxacum, S. nigra, and Lavandula ×intermedia. The results of this research suggest that there is a great knowledge of traditional plant use in the Dalmatia that is potentially disappearing, urging for further ethnobotanical research.
